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dated May 28, 1952, vas submitted to the Commanding Officer, Kocky 

Mountain Arsenal; the Julius Hyman Co., Bocky Mountain Arsenal; the 

Colorado Department of Cone and Fleh; and the U. 8. Food and Drug 

Administration, Denver. 

In 1955, additional field observation* vere made by Biologists 

of the Wildlife Beseerch laboratory, end bioassays and chemical analyses 

of duck tissues were performed by the Conwunicabl* Disease Center, 

ßavtmnah, Ceorgia. These analyses shoved that fat and liver of a dead 

M ^°0il      duclc from the Arsenal contained large concentratione of dieldrin. A 

report veil evmmariÄing the history and earlier findings vas prepared by 

v fcr. Vayn« I. Jansen and submitted to the Director, Fish and Wildlife 

''.•■•'''Service, on December 2, 1955« 

..■"''•':'       In April 1959, the Wildlife Besearch laboratory, vhich had 

recently acquired the necessary equipment and personnel to perform 

chemical analyses of insecticide residues, again undertook study of the 

mortality problem at the Arsenal. The vriter and others made field obser- 

vations and collected samples of dead birds, vater, mud, and vegetation for 

laboratory analysis. The results of these 1959 investi gat ions form the 

basis of this report. 
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iw. .'xr-roo. .1 Extent of Mortality 

•^yjiitqx. Hearly all of the vaterfovl mortality has been associated vita a 

: b^tiiy ■ series of three lakes south of the Shell Chemical Company plant area.    These 

■.:.'.i?".-c e.v reservoirs-Upper Derby, Lover Derby, and ladora lakes-arc used for storage 



and recycling of cooling vat« in the chemical plant.    In addition to 

vatorfovl, dead plants, songbirds, muskrats, »»IK, **d «W ^vo 

teen seen on and,near the shores of these lakes. 

tta numbers of vaterfovl that hare been killed are difficult to 

estimate because of the transient and constantly changing nature of the 

migratory duck population.    Iarg* numbers of birds that hare acauired 

doses of toxicant frca the Arsenal could have fl*vn on to sicken and die 

elsovhere.    merefore, counts of birds found dead around the three lakes 

represent the minima* losses and provide a basis for rough estimates of 

additional Mortality. 

On April 17, 1959, recently dead birds and animals vere counted 

around the shore of ladora lake and along the canal that skirt, the north 

side of the lake.    A total of 119 dead birds and animals vere seen, including 

9k ducks of 9 species, 6 coots, 2 pheasants, 7 muskrats, k rabbits, and 6 

frogs.    If the 9U ducks all died vithin the preceding veek, and if this 

mortality rate vas typical for the H-month period, January-April, the losses 

for this period -ould be approximately 1,500 ducks around ladora lake alone. 

During this same period an employee of the Shell Chemical Company 

vas assigned the task of periodically gathering up dead ducks and burying 

them.    i*cm conversation vith this man it vas estimated that he my have 

gathered 20 gunny sacks of ducks,' 25 birds to a sack, or a total of 500 

ducks in the first 3 *»*ths of 1959-    It vas obvious in April that large 

numbers of ducks had not been collected for disposal. 



In a previous year, it ifl understood, * pile of about 600 dead 

ducks vas collected at one time and photographed. 

Mr. Ceorge Sciple in his report estimated losses of roughly 1,200 

ducks during the period of his study (spring of 1952). 

From the above lines of evidence, 2,000 ducks per year might he 

a conservative estimate of total duck mortality on and off the area from 

toxic contamination of these three lakes.    Over the past JO years that this 

problem has existed, cumulative IOSBCS may have been 20,000 or more ducks. 

geology of the lakes 

< . Upper Derby, lover Derby, and Iadora lakes are artificial Impound- 

>nta of run-off and irrigation vater that is recycled through the chemical 

plant for cooling purposes.    Ducks vintering in the Denver area are attracted 

to these lake» by the ice-free condition of the relatively vam vater.    The 

Wns are shallow vith mud bottoms.    During summer the lakes are ordinarily 

full and vaterfovl mortality i» lov.    In fall and vinter the vater level drop» 

progressively until most of the areas of lake bottom are exposed as mud flats. 

High mortality of vildlife in and around the lakes seems to occur only at 

tines vhen extensive mud flats are exposed.    In April 1959, vhen counts of 

casualties vere made, Iadora take vas l*v but still of fairly Urge area. 

Most of the live ducks vere'then on Iadora lake.    lover Derby vas reduced 

to a small fraction of its former area, and Upper Derby vaa little more 

than a small pond into vhich a narrov channel of vater from the plant effluent 

canal led across an expanse of mud flats.    The channel of vater floving through 

h 
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the bed or Tfcper Ladore Lake gave off a noticeable chemical odor that, after 

ahout a half hour, became increasing^ unpleasant. B* same odor was noticed 

la the chemical plant area. Whan the three lakes were filled in Hay vith 

water from the Highline Canal, duck mortality dropped and was no longer in 

evidence. 

It was obvious from casual inipoction that the ecology of the lakes 

i. sroMly out of balance.   Muatic life in Iadora wa. greatly impoverished 

«id procrc.tiT.ly worse as inspection proceeded up the drai^e to lover 

Derby and Upper Derby lake..    Only a fev kind« of vater plants vere present, 

a* these such a. cattail., »ago pondweed, and filamentous al*ae grew in 

tosabeds.   The mud flat of Upper Derby lake vas carpeted vith a mat of 

iii«ff> Pondweed «* «lentous algae.    Boctstock. of cattails in Upper 

aM lower Derby appeared dead, hut around Ladora lake a belt of cattails vas 

&JC;Ü oc putting out new green leaves. 

In 19W and earlier there vere fish in ladora lake, and convalescent 

tes LL- patients at PiUsimons Hospital enjoyed fishing there.    I have made no effort 

>=«3o~-j '    to catch fish in any of the lakes but have been told by person, who have 

:** «3*1 observed the area for many years that fish are no longer present.    In April 

* ^ and May, when frog choruses could be heard in nearly all ponds and ditches 

j^-aso outside the Arsenal, Laboratory biologist, heard and saw none at the three 

lo ***: jato..    Hor could ve find any egg masses or tadpoles.    Eovever, a fev dead 

frogs and one dead tiger salamander were seen.    Aquatic insects and spiders 

.* a** were almost completely absent from the three lakes in April and May.    live 

•: I«ao. aauatic ßnaiLs vere present in all three lakes and extremely abundant in 



Upp^r Darby.   Masses of dead snail shells,  as "will as abundant live snails, 

Lad accumulated in the pond around the outlet through Upper Derby dan. 

Dteldrin baa been previously reported to kill fish "but have no harmful effect 

on -.nratLj in a aalt marsh (Harrington and Bidlingaayer, 195Ö)»   Ho effort 

vaa aide to collect fresh-vater plankton, hut svaras of tiny red crustaceans 

voro seen evirating among masses of algae in the channel belov the inlet of 

Cigcr Derby Lake, 

Bioisaeya vith Tadpoles 

Having observed the absence of frog reproduction in Ladora, Lover 

D^rbv, and Upper Derby lakes,  simple bioasaay experiments ver» conducted 

using tadpoles of the leopard frog and the chorus frog, the two least abundant 

species in the Denver area«    Three tost aquaria and one control aquarium vere 

set v® to test effects of contaminated sod, algae, and lake vater.    In one 

teat 25 tadpolea vere kept in uncontaminated pond vater to vhich mud from 

Upper Darby Lake had been added.    They vere fed algae from an uncontamlnated 

pond.    Eleven days after start of the test all tadpoles ware dead. 

In another teat kz tadpoles vere kept in uncontaminated pond vater 

vith no and and fed on algae from Upper Derby Lake. Twelve days after start 

Of this test all tadpoles vere dead. 

In the third test 50 tadpoles vere kept in vater from Upper Derby 

Lake vith no Mud and fed on algae from an uncontaminated pond.   Vithin 

2 voeks 12 had died, and k$ days after start of the test all 50 tadpoles 

vere dead. 

In the control aquarium $6  tadpoles vere kept in uncontaminated 

pond vater vithout nud and fed on algae from an uncontaminated pond. 

Within 2 veeks k  tadpolea had died, and 51 days after start of the control 

all tadpoles had died. Survival of tadpoles in the control vas not Eood 
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bscaus* of the small askeahift nature of the aquarium, vhich could not be 

aarated, and in vhich the only means of removing vaste products vas by 

raplscecent of vater. 

Crude though the bioassay testa vere, they shoved that the 

3urvival of tadpole» In vater alone from Upper Darby Lake we« almost a» 

£OOd as survival in the oontrol water. Eovever, algae from Upper Darby 

Lake is sufficiently toxic to kill tadpoles vithin 2 veeks, and mud alone 

from Upper Derby Lake also can kill tadpoles vithin 2 veeks. 

phcaieol Analyse» 

Twenty samples taken from Upper Derby, lover Derby, and Ladore 

; .Ukea between April K> and Kay k,  1959, * period of low vater, were 

chenjically analyzed for chlorinated hydrocarbon insecticide» at the 

Wildlife F.esearch Laboratory. Results of the analyse» are presented in 

Table 1. de source of each sample is indicated by Arabic numerals on the 

accompanying aap that refer to the same numerals in the table. 

The saaplas analyzed include three ducks picked up dead at tadora 

Lake, aquatic vegetation from Upper Derby Lake, vater and foam from Upper 

and Lover Derby Lakes, ami mud from all three lakes. 

nearly all saaplas contained Ejaaaurabla eoounts of aldrin or dieldrin, 

and nearly half the samples contained other unidentified chlorinated hydro- 

carbons. The mounts tveasured varied greatly betveen the samples. The 

absence of detectable amount» of aldria(in, the bird saaples is not unusual 

because most of the aldrin entering anlnal tissues is converted and retained 

in the fora of dieldrin. All three ducks analyzed contained appreciable 

residues of dieldrin.  A composite sample from tvo of the ducks (392U and 

7 



X'i^iii'.t'.'iki 

3925) vaa analyzed in the Laboratory uaing the infrared spectrophotometric 

aatfcod, vhich confirmed the presence of dleldrin. 

Littl* information i» available concerning the acute and chronic 

«■.MdolttM of aldrin and dleldrin to ducks and the amount» of these materials 

xiuA W bo' accumulated in duck tiaauea before death,  or that may be stored 

and tolerated vithout harm. 

Eoadel has reported mortality of juvenile and adult ducka on a lake 

in Sorth Dakota that vaa »prayed vith 2 oz. of aldrin in oil per acre 

(i;udl sad Cenelly, 195*).    la Wyoming, one merganser on a small reaervoir 

»grayed vith the »erne amount of aldrin in oil died vithin 2 days.    Tissue 

^lysas of thia duck revealed 31 PP» of aldrin in the brain, 2* pp» in the 

fciSnay, and k ppm in tha liver (Poat, 1$52). 

In experimenta vith piniail», 200 pp» of dleldrin in the diet 

' xoaulted in a 50 percent loa» in 1 month (Rudd and Gcnelly, oj>. cit.) 

Kxperiaental apraya approximating field application ratea of 0.5, 1.0, 

and 1.5 lba. per aero did not seem to ham ducka.    Onla formulation vaa 

prssuaably In vater.    An actual field application of 0.5 lb», of dleldrin 

p*r acre resulted in the loa. of at least 20 mallards and 6 coots. 

The lov content of aldrin and dleldrin in the vater entering 

Upper Derby Lake from the plant effluent canal ia indicative of the extremely 

lov solubility of these compounds.    Much greater amount» are carried by 

ft« and other au^nded organic matter.    Aldrin and aieldrin molecules 

are readily adsorbed by mud particle«,  and the tremendous aurface of all 

these particle« acts as a great reservoir holding larce quantitiea of 

inoecticide for long periods after their influx haa ceased. 

6 
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